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1
CYCLOPHILIN D INHIBITORS

CROSS-REFERENC

L1

This patent application claims priority to U.S. Provisional
Application No. 62/049,101 filed Sep. 11, 2014, which

provisional 1s incorporated herein by specific reference 1n its
entirety.

GOVERNMENT RIGHTS

This invention was made with government support under
R37AG037319 and RO1GMO0953355 awarded by the
National Institutes of Health. The government has certain
rights in the mvention.

BACKGROUND

Alzheimer’s disease (AD) 1s a chronic neurodegenerative
disease that primarily affects the elderly and for which there
are currently only symptomatic treatments. Early pathologi-
cal features of the AD brain include mitochondrial and
synaptic dysfunction, which 1s considered to be related to
progressive amyloid-beta (Ap) oligomer accumulation in
synaptic mitochondria. This affects membrane potential,
membrane permeability transition pore (mP1TP) formation,
respiration, energy metabolism, oxidative stress, mitochon-
drial dynamics and calcium homeostasis. Since mitochon-
drial dysfunction 1s believed to play a role in Ap-induced
toxicity, a compound that restores this dysfunction might
have potential therapeutic benefit. Thus, A} oligomer 1nhibi-
tors or procedures for blocking AP oligomer production
appear to offer promising approaches for prevention and
treatment of AD. Cyclophilin D (CypD), a peptidyl prolyl
1somerase F, resides 1n the mitochondrial matrix, associates
with the inner mitochondrial membrane and plays a central
role i opening the mitochondrial mPTP leading to cell
death. Neurons in AD-aflected regions of the brain have
significantly elevated levels of CypD.

Therefore, 1t may be advantageous to inhibit CypD in

order to mhibit the effects of and provide treatments for AD.
CypD 1s also known to positively eflects of diabetes.

BRIEF DESCRIPTION OF THE FIGURES

The foregoing and following information as well as other
teatures of this disclosure will become more fully apparent
from the following description and appended claims, taken
in conjunction with the accompanying drawings. Under-
standing that these drawings depict only several embodi-
ments 1n accordance with the disclosure and are, therefore,
not to be considered limiting of 1ts scope, the disclosure waill
be described with additional specificity and detail through
use of the accompanying drawings, in which:

FIG. 1A includes a graph that shows that the CypD
inhibitor Compound 9 binds to immobilized CypD 1 a
dose-dependent manner.

FIG. 1B includes a graph that shows that the CypD
inhibitor Compound 6B binds to immobilized CypD 1n a
dose-dependent manner.

FIG. 2A includes a graph that shows the kinetic analysis
of ihibition of CypD by Compound 6A, and shows the

IC30 of Compound 6A 1nhibiting PPlase activity of CypD.
FIG. 2B includes a graph that shows the kinetic analysis
of inhibition of CypD by Compound 6B, and shows the IC50

of Compound 6B inhibiting PPlase activity of CypD.
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2

FIG. 2C includes a graph that shows the kinetic analysis
of inhibition of CypD by Compound 6C, and shows the 1IC50

of Compound 6C 1nhibiting PPlase activity of CypD.

FIG. 2D includes a graph that shows the kinetic analysis
of mhibition of CypD by Compound 9, and shows the 1C50
of Compound 9 inhibiting PPlase activity of CypD.

FIG. 2E includes a graph that shows the kinetic analysis
of inhibition of CypD by CsA, and shows the IC30 of CsA
inhibiting PPlase activity of CypD.

FIG. 3 1includes a graph that shows CypD inhibitor
Compound 9 reduced calcium-induced mitochondrial swell-
ing.

FIG. 4 includes a graph that shows CypD 1inhibitor
Compound 9 revives the Af-induced reduction mm CcO
activity.

FIG. 5 includes a graph that shows CypD inhibitor
Compound 9 revives the AP-induced reduction in ATP
levels.

FIG. 6 includes a graph that shows CypD inhibitor
Compound 9 has low toxicity.

FIG. 7 includes a graph that shows CypD inhibitor
Compound 9 inhibits AP-induced cell death.

FIG. 8 includes a graph that shows CypD 1inhibitor
Compound 6A mnhibiting PPlase activity CypD.

FIG. 9 includes a graph that shows CypD 1inhibitor
Compound 6B imhibiting PPlase activity of CypD.

FIG. 10 includes a graph that shows CypD inhibitor
Compound 6C imhibiting PPlase activity of CypD.

FIG. 11 includes a graph that shows CypD inhibitor
Compound 9 ihibiting PPlase activity of CypD.

FIG. 12 includes a graph that shows CypD inhibitor
Compound 6A crosses the blood brain barrier.

FIG. 13 includes a graph that shows CypD inhibitor
Compound 6B crosses the blood brain barrier.

FIG. 14 includes a graph that shows CypD inhibitor
Compound 6C crosses the blood brain barrier.

DETAILED DESCRIPTION

In the following detailed description, reference 1s made to
the accompanying drawings, which form a part hereof. In
the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The 1llustra-
tive embodiments described i1n the detailed description,
drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the
subject matter presented herein. It will be readily understood
that the aspects of the present disclosure, as generally
described herein, and illustrated in the figures, can be
arranged, substituted, combined, separated, and designed 1n
a wide variety of different configurations, all of which are
explicitly contemplated herein.

Generally, the present technology relates to inhibitors of
Cyclophilin D (CypD) and methods of use thereof. The
inhibitors can be included in pharmaceutical compositions
and administered to inhibit onset or progression of a neu-
rodegenerative disease, such as Alzheimer’s disease (AD).
Also, the CypD inhibitors can be used to treat diabetes. The
inhibitors can be used to mhibit opening of the mitochon-
drial membrane permeability transition pore, and lead to cell
death. The inhibitors can inhibit CypD from associating with
the 1nner mitochondrial membrane, 1nhibit interactions with
amyloid beta to inhibit mitochondrial and neuronal stress,
and to inhibit development or progression of AD as well as
to treat AD. The CypD inhibitors can also be used to inhibit

development or progression of AD as well as to treat AD.
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It has been found that the biological activity of two
tamilies of small-molecule CypD imhibitors (e.g., C-6 Fam-
1ly and C-9 Family) can bind to CypD and attenuate mito-
chondnal and cellular perturbations that are caused by Af3
and calcium stress. It has been determined that these small
molecule CypD inhibitors may serve as drugs for the pre-
vention and treatment of neurodegenerative diseases includ-
ing AD. The CypD inhibitors may also be used to treat
diabetes and diabetes induced complications. In part, this 1s
because the CypD inhibitors can have higher solubility,
better ability to cross the blood brain barrnier (BBB), lower
toxicity, and/or higher cell permeability compared to con-
ventional therapeutics or treatment substances. That 1s, the
drug can be administered directly to a subject 1n a location
other than the brain, and the drug can traverse the BBB.

In one embodiment, the compounds described herein are
CypD 1nhibitors that can be used for the inhibition or
treatment of neurodegenerative diseases (e.g., AD). The
present technology includes compositions having the CypD
inhibitors, methods of synthesis of the CypD inhibitors, and
methods of treatment of neurodegenerative diseases with the
CypD 1inhibitors. In one family of compounds, the com-
pounds can be the structures of Formula 1 or their deriva-
tives. In another family of compounds, the compounds can
be the structures of Formulae 2-6 or their dertvatives. The
two families of compounds are provided herein.

The compounds that are CypD inhibitors can include a
structure of Formula 1 or Formula 2 or Formula 3 or
Formula 4 or Formula 5 or Formula 6 or Formula 7 or
Formula 8, derivative thereof, prodrug thereot, salt thereof,
or stereoisomer thereol, or having any chirality at any chiral

center, or tautomer, polymorph, solvate, or combination
thereof:

Formula 1
R2
\ o O
7 S \Es-""le’
\
\ N 0
/ N
N / R3
Formula 2
R |
R
R3
[ 1)
R4 N/)\ S
Formula 3
X R* pl
R’ ‘ N \
R 1\12\S
Formula 4
A
RZ—),,
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-continued

Formula 5

Formula 6

Formula 7

Formula 8

RZ
R]
\‘ A
AN
\
‘\N)\S

In the Formula 1-8 any of the R groups can be indepen-
dently any substituents; X can be S or O; n 1s 0 or an integer
and S 1n the rings can be replaced with O. When on a ring,
such as an aryl (e.g., benzene), the R groups can be on any
of the carbons, such as an R group on one, two, three, four
or five carbons, or more preferably on one or two carbons,
such as in Formula 4, 5, and 6, whereby m1s 0 1, 2, 3, 4 or
S, preferably 0, 1 or 2.

In one embodiment, in the Formula 1-8, any one or more
of R', R%, R>, or R* are independently any substituent; X can
be S or O; and S 1n the rings can be replaced with O. In one
aspect, any one or more of R', R*, R’, or R* are indepen-
dently any substituent that maintains functionality as a
CypD inhibitor. Any one or more of R' or R” can be on any
of the carbons of the rings, such as an R' or R* group on one,
two, three, four or five carbons, or more preferably on one
or two carbons, such as in Formula 4, 5, 6, 7 and 8. An
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example with the S 1n the rings being replaced by O 1s shown
below with Formula 1A having the X, which can thereby be
S or O.

Formula 1A

RZ
b 0 \
X S R
T b
7

In one embodiment, 1n the Formula 1-8, any one or more
of R', R*, R°, or R* are independently any one or more of
the substituents selected from the group of hydrogen, C,-C,,
alkyl, C,-C,, alkenyl, C,-C,, alkynyl, C-C,, aryl, C,-C,,
alkaryl, C,-C,, aralkyl, halo, hydroxyl, sulthydryl, C,-C,,
alkoxy, C,-C,, alkenyloxy, C,-C,, alkynyloxy, C.-C,, ary-
loxy, acyl (including C,-C,, alkylcarbonyl (—CO-alkyl)
and C,-C,, arylcarbonyl (—CO-aryl)), acyloxy (—O-acyl),
C,-C,, alkoxycarbonyl (—(CO)—0O-alkyl), C,-C,, ary-
loxycarbonyl (—(CO)—O0O-aryl), halocarbonyl (—CO)—X

where X 1s halo), C,-C,, alkylcarbonato (—O—(CO)—O-
alkyl), C.-C,, arylcarbonato (—O—(CO)—O-aryl), car-
boxy (—COOH), carboxylato (—COQ), carbamoyl

(—(CO)—NH,), mono-(C,-C,_, alkyl)-substituted carbam-
oyl (—(CO)—NH(C,-C,, alkyl)), di-(C,-C,, alkyl)-substi-
tuted carbamoyl (—(CO)—N(C,-C,, alkyl),), mono-substi-
tuted arylcarbamoyl (—(CO)—NH-aryl), di-substituted
arylcarbamoyl (—(CO)—NH-aryl),, thiocarbamoyl
(—(CS)—NH,), mono-(C,-C,, alkyl)-substituted thiocar-
bamoyl (—(CS)—NH(C,-C,, alkyl)), di-(C,-C,, alkyl)-
substituted thiocarbamoyl (—(CS)—N(C,-C,, alkyl),),
mono-substituted arylthiocarbamoyl (—(CS)—NH-aryl),
di-substituted arylthiocarbamoyl (—(CS)—NH-aryl),, car-
bamido (—NH—(CO)—NH, ), mono-(C,-C,, alkyl)-substi-
tuted carbamido (—NH-—(CO)—NH(C,-C,, alkyl)), di-
(C,-C,, alkyl)-substituted carbamido (—NH(CO)}—N(C,-
C,, alkyl),), mono-substituted aryl carbamido (—NH—
(CO)>—NH-aryl), di-substituted aryl carbamido (—NH—
(CO)>—N-(aryl),) cyano(—C=N), isocyano (—N"=C"),
cyanato (—O—C=C(C"), 1socyanato (—O—N"=(C"), thio-
cyanato (—S—C=N), isothiocyanato (—S—N"=(C"),
azido (—N=—=N"—N7), formyl (—(CO)—H), thioformyl
(—(CS)—H), amino (—NH,), mono- and di-(C,-C,, alkyl)-
substituted amino, mono- and di-(C,-C,, aryl)-substituted
amino, C,-C,, alkylamido (—NH-—(CO)-alkyl), C.-C,,
arylamido (—NH—(CO)-aryl), imino (—CR=—NH where R
i1s hydrogen, C,-C,, alkyl, C.-C,, aryl, C,-C,, alkaryl,
C,-C,, aralkyl, etc.), alkylimino (—CR=—N(alkyl), where
R=hydrogen, C,-C,, alkyl, aryl, alkaryl, aralkyl, etc.),
arylimino (—CR—N(aryl), where R=hydrogen, alkyl, aryl,
alkaryl, etc.), nitro (—NO,), nitroso (—NO), sulfonic acid
(—SO,—OH), sulfonato (—S0O,—0O7), C,-C,, alkylsulia-
nyl (—S-alkyl; also termed “alkylthi0™), C.-C,, arylsultanyl
(—S-aryl; also termed ‘“‘arylthio™), C,-C,, alkylsulfinyl
(—(S0)-alkyl), C.-C,, arylsulfinyl (—(SO)-aryl), C,-C,,
alkylsulfonyl (—SO,-alkyl), C.-C,, arylsulionyl (—SO,-
aryl), phosphono (—P(O)(OH),), phosphonato (—P(O)
(07),), phosphimnato (—P(O)(O—)), phospho (—PO,),
phosphino (—PH,), any with or without hetero atoms (e.g.,
N, O, P S, or other) where the hetero atoms can be
substituted (e.g., hetero atom substituted for carbon 1n chain
or ring) for the carbons or in addition thereto (e.g., hetero
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atom added to carbon chain or ring) swapped, derivatives
thereof, and combinations thereof.

In one embodiment, in Formula 1, the substituents are any
one or more of: R' being straight or branched alkyl or aryl
substituted or unsubstituted, alkoxy, amine or hydroxyl, R*
being straight or branched alkyl or aryl substituted or
unsubstituted; R> being straight or branched alkyl or aryl
substituted or unsubstituted.

In one example of Formula 1, R1 1s an amine, R2 1s
straight or branched alkyl, and R3 i1s a methyl. The R2 can
be methyl, ethyl, propyl, such as 1sopropyl.

In one embodiment, in Formula 2, the substituents are any
one or more of: R' being an alkylaryl that is substituted or
unsubstituted or an aryl that 1s substituted or unsubstituted,
R” being an alkylaryl that is substituted or unsubstituted or
an aryl that is substituted or unsubstituted; R being an ester,
such as an alkyl ester, and/or R* is an alkyl.

In one embodiment, in Formula 3, the substituents are any
one or more of: R' being an alkylaryl that is substituted or
unsubstituted or an aryl that 1s substituted or unsubstituted,
R* being an alkylaryl that is substituted or unsubstituted or
an aryl that is substituted or unsubstituted; R> alkoxy, such
as methoxy or ethoxy, and/or R* is an alkyl.

In one embodiment, in Formula 4, 5, 6, 7, or 8 the
substituents are any one or more of: R* and/or R* indepen-
dently being hydrogen, C,-C, alkyl, C,-C,, alkenyl, C,-C,,
alkynyl, C.-C,, aryl, C,-C,, alkaryl, C,-C,, aralkyl, halo,
hydroxyl, sulthydryl, C,-C,, alkoxy, C,-C,, alkenyloxy,
C,-C,, alkynyloxy, C.-C,, aryloxy, acyl, nitro (——NQO,),
nitroso (—NO), sulfo (—SO,—OH), sulfonate, acyloxy
(—O-acyl), C,-C,, alkoxycarbonyl (—(CO)—O-alkyl),
Cs-C,, aryloxycarbonyl (—(CO)—O-aryl), halocarbonyl
(—CO)—X where X 1s halo), C,-C,, alkylcarbonato

(—O—(CO)—0O-alkyl), C,-C,, arylcarbonato (—O—
(CO)—O0O-aryl), carboxy (—COOH), carboxylato
(—COQO7), carbamoyl (—(CO)—NH,), mono-(C,-C,,

alkyl)-substituted carbamoyl (—(CO)—NH(C, -C,_ alkyl)),
di-(C,-C,, alkyl)-substituted carbamoyl (—(CO)}—N(C,-
C,, alkyl),), mono-substituted arylcarbamoyl (—(CO)—
NH-aryl), cyano(—C,), 1socyano (—N"—C7), cyanato
(—O—C=N), 1socyanato (—O—N"—C"), being an alky-
laryl that 1s substituted or unsubstituted or an aryl that is
substituted or unsubstituted; R and/or R* is an alkyl. Any
one or more of R or R* can be on any of the carbons of the
rings, such as an R' or R* group on one, two, three, or four
carbons, or more preferably on one or two carbons, such as
in Formula 4, 5, 6, 7, and 8.

In one embodiment, the CypD inhibitor 1s one of the
structures shown 1n Scheme 1, Table A, and Table B below.

In one embodiment, the CypD inhibitor 1s one of the
structures shown 1n Scheme 2, and Table C below.

The compounds can be formulated with any pharmaceu-
tically acceptable carrier for any administration. The admin-
1stration can result 1n systemic compounds that can pass the
blood brain barrier.

The compounds can be used 1n any method of modulating,
Cyclophilin D by administering the compound to a Cyclo-
philin D. This can include a method of mhibiting Cyclophi-
lin D by adding the compound to Cyclophilin D. The
compounds can be used 1n any method of rescuing Ap-me-
diated mitochondrial dysfunction by adding the compound
to Cyclophilin D. The Cyclophilic D can be 1n vivo, 1n vitro,
or ex vivo. The Cyclophilic D can be administered to any
subject, such as a cell or organ or organism having the same,
such as a human or other animal.

The CypD mhibitors have suflicient ligand binding athni-
ties to be useful therapeutics, as shown by in vitro SPR
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binding studies. One CypD inhibitor, Compound 9, rescued
mitochondrial function by reducing CypD peptidyl prolyl
1somerase enzymatic activity and antagonizing calcium-
mediated and AP-induced mitochondrial swelling. The
Compound 9 also reversed Ap-induced mitochondrial dys-
function as shown by increased CcO and ATP levels, sug-
gesting protective eflects on mitochondral function for this
molecule. Cell viability was checked using MTT reduction
assay for SK-N-SH cells treated with Af3,_,, alone and with
addition of Compound 9, which showed Af3, ., alone pro-
duces a sigmificant decrease in cell viability, while the
addition of Compound 9 protected the cells and exhibited
similar reduction of MTT without producing severe toxic
ellects at erther low or high doses 1n healthy cells. Compared
to CsA, Compound 9 1s a smaller molecule (molecular
welght of C-9: 470 vs. CsA: 1202.61). The other compounds
(e.g., C-6 Family and C-9 family) are all expected to have
similar functionalities, and to bind human CypD protein, and
to 1mhibit Af-induced mitochondrial dystunction.

Some of the CypD inhibitors shown herein exhibited high
binding athnity to human CypD along with the improvement
of mitochondrial function, as can be reviewed in the tables
and graphs. In vitro SPR was used to verily the ability of the
CypD ihibitors to bind to human recombinant CypD pro-
tein, which correlates with 1ts potential CypD 1inhibitory
activity. FIGS. 1A-1B demonstrate that some of the syn-
thetic CypD ihibitors (e.g., Compound 9 (C-9) and Com-
pound 6B (C-6b,)) display a high binding athinity for human
CypD 1 a dose dependent manner.

FIGS. 1A-1B show that the synthesized CypD inhibitors
cach bind to immobilized CypD m a dose-dependent man-
ner. Surface plasmon resonance (SPR) analysis of CypD-
Pyrimidine derivative binding interaction, where the glob-
ally fit data (black lines) were overlaid with experimental
data (greyish lines). Human recombinant CypD protein (10
ug/ml) was immobilized directly on the hydrophilic carboxy
methylated dextran matrix of the CM3 sensor chip (Biacore-
3000) using the standard primary amine coupling reaction
according to standard procedures. Compound 9 (2.5, 3, 10,
15, 20 uM) was 1njected at a flow rate of 40 ul/min for the
determination of the kinetic and equilibrium constants. All
data analyses were carried out using BIA evaluation sofit-
ware, and sensor grams were processed by automatic cor-
rection for nonspecific bulk refractive index.

The equilibrium dissociation constant (K,) was deter-
mined using a 1:1 Langmuir binding {it model and the
association (k,,,) and dissociation (K, ) rate constants were
determined using Equations (1) and (2).

dp/d, =k, X CX (R pi—R)—k, xR (1)

Where R represents the response unit, C 1s the concen-
tration of the analyte, and

Kﬂ:kaf/kan (2)

The obtained results were evaluated by v~ analysis and the
kinetic parameters for Compound 9 are provided. The SPR
results for Compound 9 and Compound 6B shown 1n FIGS.
1A-1B clearly indicate that Compound 9 and Compound 6B
bind quite strongly to CypD with a K, value of 149 nM, and
Compound 6B has a K, value of 248 nM.

The ability of CypD inhibitors to inhibit CypD PPlase
enzyme activity was determined using a previously utilized
“standard” procedure (Koiron, J. L.; Kuzmic, P.; Kishore,
V.; Colon-Bonilla, E.; Rich, D. H., Determination of kinetic
constants for peptidyl prolyl cis-trans isomerases by an
improved spectrophotometric assay. Biochemistry 1991, 30,
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6127-34). The results are presented 1n FIGS. 2A-2D and
compared to CsA 1n FIG. 2E.

FIG. 8 shows reaction progress curves collected for CypD
activity in DMSO alone or at various Compound 6A con-
centrations ranging from 0.39 to 350 uM. Linearity was
maintained up to 5 minutes of incubation at 25° C. This
shows the Compound 6A inhibits CypD activity. FIG. 9
shows reaction progress curves collected for CypD activity
in DMSO alone or at various Compound 6B concentrations
ranging from 0.39 to 50 uM. Linearity was maintained up to
5> minutes of incubation at 25° C. This shows the Compound
6B 1nhibits CypD activity. FIG. 10 show reaction progress
curves collected for CypD activity in DMSO alone or at
various Compound 6C concentrations ranging from 0.39 to
50 uM. Linearity was maintained up to 5 minutes of incu-
bation at 25° C. This shows the Compound 6C mbhibits
CypD activity. FIG. 11 show reaction progress curves col-
lected for CypD activity imn DMSO alone or at various
Compound 9 concentrations ranging from 0.19 to 100 uM.
Linearity was maintained up to 5 minutes of incubation at
25° C. This shows the Compound 9 inhibits CypD activity.

FIG. 2A shows the IC50 of Compound 6A inhibiting
PPlase activity of CypD. FIG. 2B shows the IC50 of
Compound 6B inhibiting PPlase activity of CypD. FIG. 2C
shows the IC50 of compound 6C 1nhibiting PPlase activity
of CypD. FIG. 2D shows the IC., of compound C-9 (i.e.,
Compound 9) inhibiting PPlase activity of CypD. FIG. 2E
shows the IC., of CsA inhibiting PPIase activity of CypD,
cach of FIGS. 2A-2E being performed with a real-time
kinetics assay and calculated using non-linear regression
analysis 1n Graphpad Prism 3.0.

The IC., value for Compound 9 by-real time fluorescence
monitoring 1s 1.49+0.20 uM. Since ihibition of CypD
PPlase activity was essential for potentiation of AP cyto-
toxicity, Af-induced cytotoxicity can presumably be
decreased i1 the APB-CypD interaction 1s blocked with small-
molecule mhibitors like Compound 9.

Mitochondrial swelling 1n response to calctum was also
studied. It 1s known that CypD-deficient cortical mitochon-
dria are resistant to Af3- and calcium (Ca**)-induced mito-
chondrial swelling and mitochondrial permeability transi-
tion. These deficient mitochondria also exhibit increased
calcium buflering capacity and generate fewer mitochon-
drial reactive oxygen species. In order to determine the
relationship between Ca** and mitochondrial swelling, cor-
tical mitochondria were 1solated from mice and subjected to
a swelling assay. Mitochondria treated with Ca** experi-
enced excessive swelling. However, when Compound 9 was
added to the mitocchondria in a dose-dependent manner,
swelling was dimimished. FIG. 3 includes a graph that shows
CypD inhibitor Compound 9 reduced calcium-induced mito-
chondrial swelling.

The fact that bramn mitochondrial swelling was not
aflected by the inhibitors alone 1mplies a symbiotic relation-
ship between Ca”* and the inhibitor.

The effect of the CypD inhibitors on cytochrome ¢ oxi-
dase (CcQO) was studied. The eflect of the CypD inhibitors on
ApP-induced mitochondrial respiratory function was assessed
by determining cytochrome ¢ oxidase (CcO) activity. CcO 1s
a vital enzyme associated with the mitochondrial electron
transport chain. SK-N-SH cells were treated for 48 hours
with 5 uM of oligomer AP, _,, 1 the presence of 10-20 uM
of CypD mnhibitor C-9, after which samples were tested for
CcO enzyme activity levels. A3, 4, treatment significantly
decreased CcO activity; the addition of CypD inhibitor
Compound 9 rescued CcO activity 1n Ap-treated cells com-
pared to vehicle-treated cells 1s shown 1n FIG. 4. Treating
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cells with 1mnhibitors alone had no effect on CcO activity 1n
the absence of Af},_,,, demonstrating that the CypD 1nhibi-
tors do not disrupt normal cell functioning. These results
provide evidence that inhibition of CypD rescues CcO
activity 1n Af-affected cells without harming healthy cells,
suggesting that they are desirable candidates for continued
study 1n AD research and treatment.

The eflect of the CypD inhibitors on the levels of adenos-
ine-5'-triphosphate (ATP) was studied. To determine the
ellect of the CypD inhibitors on Af-induced energy metabo-
lism 1impairment, cellular ATP levels were analyzed. SK-N-
SH cells were exposed to 5 uM of Af3, 4, 1n the presence of
10-20 uM of Compound 9. After 48 hours, we measured the
ATP concentrations in the cell lysates. As shown 1n FIG. 5,
AP, ., treatment considerably decreased ATP levels,
whereas the addition of either CypD inhibitor C Compound
9 rescued ATP concentrations. ATP levels in the cells
exposed to CypD 1mhibitor Compound 9 were comparable to
those of vehicle-treated cells without AP, ., suggesting no
toxic eflect of the inhibitors on mitochondrial energy
metabolism and ATP production. These data suggest that the
synthesized CypD inhibitor Compound 9 prevents mito-
chondrial dysfunction mduced by Ap.

The effect of the CypD 1inhibitors on cell viability was
studied. Excellent reversal eflects of the CypD inhibitor on
Ap-affected processes were observed, including diminished
mitochondrial swelling, and enhanced CcO activity and ATP
production, assessment of the overall cell health of SK-N-
SH cells treated with the CypD inhibitors were studied. A
wide dosing range was utilized to examine the effect of the
CypD 1inhibitors on cell viability using an MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium_bromide)
reduction assay (0, 5, 10, 25, 30, and 100 uM of 1nhibitor
diluted 1n cell culture medium). As 1s depicted i FIG. 6, the
cells exhibited similar reduction of MTT when treated with
Compound 9. Also, the increasing dosage of the CypD
inhibitor had no significant eflect on SK-N-SH cell viability,
indicating that inhibitors produce no severe toxic eflects at
tested doses 1n healthy cells.

Assays examined the eflect of the CypD inhibitor com-
pounds on Af-induced neuronal cell death, commonly
observed 1n AD. As demonstrated 1n FIG. 7, treatment of
SK-N-SH cells with AP, ., alone resulted 1n a significant
decrease 1n cell viability as assessed by an MTT reduction
assay. The addition of various dosages of inhibitor to the
cells i the presence of AP, _,, increased cell viability.
Compound 9 exhibited a significant eflect on cell health at
both 10 and 20 uM concentrations. These results, 1n addition
to the rescued mitochondrial function data, indicate that
CypD inhibitors can reduce the harmiul effects of AP on
neuronal cell health, without producing toxic side effects in
unaflected cells. Thus, this evidence provides support that
inhibition of CypD with specific inhibitors can provide a
beneficial and powerful therapeutic tool in AD treatment.

The compounds were shown to be capable of passing the
blood brain barrier, which allows for systemic administra-
tion 1nto blood or other body fluid that enters the brain for
passage 1nto the brain. FIG. 12 shows the representative
multiple reaction monitoring (MRM) chromatograms of
Compound 6A 1 CSF and brain. Samples were collected 4
hours after 1.v. administration of 10 mg/kg of Compound 6A
in mice. FIG. 13 shows the representative multiple reaction
monitoring (MRM) chromatograms of Compound 6B in
CSF and brain. Samples were collected 4 hours after 1.v.
administration of 10 mg/kg of Compound 6B in mice. FIG.
14 shows the representative multiple reaction monitoring
(MRM) chromatograms of Compound 6C 1n CSF and brain.
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Samples were collected 4 hours after 1.v. administration of
10 mg/kg of Compound 6C 1n mice.

EXPERIMENTAL

Synthesis of CypD Inhibitors

With reference to Scheme 1, Compounds 4a-s were
prepared. A solution of ethyl/methyl acetoacetate (1 mmol),
urea/thiourea (1 mmol) and ethyl 2-(3-formyl-4-hydroxy-
phenyl)-4-methylthiazole-5-carboxylate (1 mmol) 1n etha-
nol (10 mL) was heated under reflux (78-80° C.) in the

presence ol polyphosphoric acid (3.3 mol %) for 12 hours
under an inert atmosphere. The progress of the reaction was
monitored by TLC (hexane:ethyl acetate, 1:1 v/v). After
being concentrated under vacuum at 50° C., the reaction
mixture was cooled to room temperature, poured into
crushed 1ce (10 g), and stirred for 5-10 min. The solid that
separated was filtered under reduced pressure and washed
with ice-cold water (20 mL) before recrystallizing from hot

cthanol to afford products 4A-4S.

With reference to Scheme 1, Compounds 6a-s were
prepared. To a solution of ethyl 6-methyl-4-(3-nitrophenyl)-
2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4a) (1
mmol) 1n ethyl acetate (5 mL), tetrahydrofuran (2.5 mL) and
substituted 1-bromo-4-phenyl (1 mmol) were added to this
solution, and the reaction mixture was refluxed for 8-12 h at
room temperature. The progress of the reaction was moni-
tored by thin layer chromatography (TLC; dichloromethane:
cthyl acetate 1:1). Solvent was then removed under reduced
pressure to give the crude product which was recrystallized
from methanol to give a pure product 6a. Related reactions
were used to convert 4b-4s into 6b-6s.

Scheme 1 shows the synthesis for Compounds 4A-4S and
Compounds 6 A-6S. Table A shows substituents in Scheme 1
for R, R*, and R”, wherein n is 0 or an integer, such as for
example, 0, 1, 2, 3,4, 5, 6,7, 8,9, or 10. Preferably n 1s 0,
1, or 2. More preferably, n 1s 0 or 2. Even more preferably,
n 1s 2. Table B shows the structures of Compounds 6 A-6S.

Scheme 1
CHO
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N P
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‘ H>N NH>

~ \/
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O O
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TABLE B-continued
Compound Compound
Numbers Structures
6P O OH
)J\ OH
,CO 7 ‘
o N
\O)J\‘/\N \
PR
/\N S
6Q O HO
F
H,CO = ‘
0 N
/\O)J\‘/\N \
PR
/ \N S
6R OH
68

P

7NN S

/

In reference to Scheme 2, Compound 9 was synthesized.
A solution of 2-(3-cyano-4-isobutoxyphenyl)-4-methylthi-
azole-3-carboxylic acid and thionyl chloride was stirred 1n
dry toluene for 30 min 1n the presence of a catalytic amount
of dimethylformamide to produce an acid chloride interme-
diate for Compound 9. Slowly increasing the temperature to

90-95° C. with constant stirring for 3 hours resulted 1n a

clear solution. The reaction mixture was then cooled slowly
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to room temperature and concentrated to give a white
residue. This residue was dissolved 1n acetonitrile and an
equimolar amount of 4-aminobenzenesulfonamide was
added. This solution was stirred for 4 hours at 75° C. to give
impure solid Compound 9. This solid that was separated by
filtration, washed with acetonitrile, washed with ice-cold

water and then recrystallized from ethanol to give pure C-9.

Compound 9 was present as an ofl-white powder with a
melting point of 297-299° C., a molecular weight of 471 and
a molecular formula of C,,H,,N_,O,S,. High pressure liquid

chromatography (HPLC) purity of compound C-9 was
100%.

Scheme 2 shows the synthesis for Compound 9, and can
be applied for synthesis for the C-9 Family. Table C shows
Compounds 9, 9A, 9B, and 9C.

NC
(7)
NH,
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TABLE C
Compound Compound
Numbers Structures
9
0 O
0 \ i,
p\f ) A
H
N// A
9A
O
\\O O \\s N
H
N// A
9B \ O
O 7 \ —OH
SAL
N// }J / )
9C

The compounds were tested for biological activity. All the
synthesized small-molecule Cyclophilin D (CypD) 1nhibi-
tors bind strongly to CypD and attenuate mitochondrial and
cellular perturbation isulted by A} and calcium stress. In
vitro surface plasmon resonance studies were used to deter-
mine binding athnities for the newly synthesized CypD
compounds. Compounds 6A, 6B, 6C & 9 were shown to be
cllective 1n reducing CypD peptidyl prolyl 1somerase
enzyme activity. Importantly, these compounds (Com-
pounds 6A, 6B, 6C & 9) also abolished Ap-induced mito-

chondnal dysfunction as shown by increased cytochrome ¢
oxidase and adenosine-5'-triphosphate levels.

Additionally a selective and sensitive method for detect-
ing the presence of four compounds (Compounds 6A, 6B,
6C & 9) as CypD inhibitors 1n mouse plasma, brain and
artificial cerebrospinal fluid 1s based on high performance
liquid chromatography tandem mass spectrometry. Mass
spectra were generated using Micromass Quattro Ultima
“triple” quadrupole mass spectrometer equipped with Elec-
trospray 1onization interface. The method used for pharma-
cokinetic studies of compounds in mouse cerebrospinal
fluid, plasma, and brain i1s accurate, precise, and specific
with no matrnix effect. Pharmacokinetic data showed these

compounds penetrate the blood-brain barrier (BBB) from a
10 mg/kg dose, such as shown in FIGS. 12, 13, and 14.
These results indicate that these small molecule CypD

40

45

50

55

60

65

inhibitors have good drug properties with the ability to cross
the blood brain barrier, which holds a great potential for AD
therapy.

The compounds can be substituted with substituents of
any of the chemical moieties described herein, such as those

recited below.
The term ““alkyl” or “aliphatic” as used herein refers to a

branched or unbranched saturated hydrocarbon group typi-
cally although not necessarily containing 1 to about 24

carbon atoms, such as methyl, ethyl, n-propyl, 1sopropyl,
n-butyl, 1sobutyl, t-butyl, octyl, decyl, and the like, as well
as cycloalkyl groups such as cyclopentyl, cyclohexyl, and
the like. Generally, although again not necessarily, alkyl
groups herein contain 1 to about 18 carbon atoms, or 1 to
about 12 carbon atoms. The term “lower alkyl” intends an
alkyl group of 1 to 6 carbon atoms. Substituents 1dentified as
“C,-C, alkyl” or “lower alky]” contains 1 to 3 carbon atoms,
and such substituents contain 1 or 2 carbon atoms (i.e.,
methyl and ethyl). “Substituted alkyl” refers to alkyl sub-
stituted with one or more substituent groups, and the terms
“heteroatom-containing alkyl” and “heteroalkyl” refer to
alkyl 1n which at least one carbon atom 1s replaced with a
heteroatom, as described in further detail infra. If not
otherwise indicated, the terms “‘alkyl” and “lower alkyl”
include linear, branched, cyclic, unsubstituted, substituted,
and/or heteroatom-containing alkyl or lower alkyl, respec-
tively.
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The terms “alkenyl” as used herein refers to a linear,
branched or cyclic hydrocarbon group of 2 to about 24
carbon atoms containing at least one double bond, such as
cthenyl, n-propenyl, 1sopropenyl, n-butenyl, isobutenyl,
octenyl, decenyl, tetradecenyl, hexadecenyl, eicosenyl, tet-
racosenyl, and the like. Generally, although again not nec-
essarily, alkenyl groups herein contain 2 to about 18 carbon
atoms, or 2 to 12 carbon atoms. The term “lower alkenyl”
intends an alkenyl group of 2 to 6 carbon atoms, and the
specific term “cycloalkenyl” intends a cyclic alkenyl group,
or having 5 to 8 carbon atoms. The term *“substituted
alkenyl” refers to alkenyl substituted with one or more
substituent groups, and the terms “heteroatom-containing
alkenyl” and “heteroalkenyl” refer to alkenyl 1n which at
least one carbon atom 1s replaced with a heteroatom. If not
otherwise indicated, the terms “alkenyl” and “lower alk-
enyl” include linear, branched, cyclic, unsubstituted, substi-
tuted, and/or heteroatom-containing alkenyl and lower alk-
enyl, respectively.

The term “alkynyl” as used herein refers to a linear or
branched hydrocarbon group of 2 to 24 carbon atoms
containing at least one triple bond, such as ethynyl, n-pro-
pynyl, and the like. Generally, although again not necessar-
ily, alkynyl groups herein contain 2 to about 18 carbon
atoms, or 2 to 12 carbon atoms. The term “lower alkynyl”
intends an alkynyl group of 2 to 6 carbon atoms. The term
“substituted alkynyl” refers to alkynyl substituted with one
or more substituent groups, and the terms “heteroatom-
containing alkynyl” and “heteroalkynyl” refer to alkynyl 1n
which at least one carbon atom 1s replaced with a heteroa-
tom. I not otherwise indicated, the terms “‘alkynyl” and
“lower alkynyl” include linear, branched, unsubstituted,
substituted, and/or heteroatom-containing alkynyl and lower
alkynyl, respectively.

The term “‘alkoxy™ as used herein mtends an alkyl group
bound through a single, terminal ether linkage; that is, an
“alkoxy” group may be represented as —O-alkyl where
alkyl 1s as defined above. A “lower alkoxy” group 1ntends an
alkoxy group containing 1 to 6 carbon atoms, and 1ncludes,
for example, methoxy, ethoxy, n-propoxy, 1sopropoxy, t-bu-
tyloxy, etc. Substituents identified as “C,-C, alkoxy” or
“lower alkoxy” herein contain 1 to 3 carbon atoms, and such
substituents contain 1 or 2 carbon atoms (1.e., methoxy and
cthoxy).

The term “aryl” as used herein, and unless otherwise
specified, refers to an aromatic substituent containing a
single aromatic ring or multiple aromatic rings that are fused
together, directly linked, or indirectly linked (such that the
different aromatic rings are bound to a common group such
as a methylene or ethylene moiety). Examples of aryl groups
contain 6 to 20 carbon atoms, and aryl groups contain 6 to
14 carbon atoms. Exemplary aryl groups contain one aro-
matic ring or two fused or linked aromatic rings, e.g.,
phenyl, naphthyl, biphenyl, diphenylether, diphenylamine,
benzophenone, and the like. “Substituted aryl” refers to an
aryl moiety substituted with one or more substituent groups,
and the terms “heteroatom-containing aryl” and “heteroaryl”
refer to aryl substituent, 1n which at least one carbon atom
1s replaced with a heteroatom, as will be described in further
detail infra. If not otherwise indicated, the term “aryl”
includes unsubstituted, substituted, and/or heteroatom-con-
taining aromatic substituents.

The term “aryloxy” as used herein refers to an aryl group
bound through a single, terminal ether linkage, wherein
“aryl” 1s as defined above. An “aryloxy” group may be
represented as —O-aryl where aryl 1s as defined above.
Examples of aryloxy groups contain 5 to 20 carbon atoms,

10

15

20

25

30

35

40

45

50

55

60

65

20

and aryloxy groups contain 5 to 14 carbon atoms. Examples
of aryloxy groups include, without limitation, phenoxy,
o-halo-phenoxy, m-halo-phenoxy, p-halo-phenoxy,
o-methoxy-phenoxy, m-methoxy-phenoxy, p-methoxy-phe-
noxy, 2,4-dimethoxy-phenoxy, 3.4,5-trimethoxy-phenoxy,
and the like.

The term ““alkaryl” refers to an aryl group with an alkyl
substituent, and the term “aralkyl” refers to an alkyl group
with an aryl substituent, wherein “aryl” and “alkyl” are as
defined above. Examples of aralkyl groups contain 6 to 24
carbon atoms, and aralkyl groups contain 6 to 16 carbon
atoms. Examples of aralkyl groups include, without limita-
tion, benzyl, 2-phenyl-ethyl, 3-phenyl-propyl, 4-phenyl-bu-
tyl, S-phenyl-pentyl, 4-phenylcyclohexyl, 4-benzylcyclo-
hexyl, 4-phenylcyclohexylmethyl,
4-benzylcyclohexylmethyl, and the like. Alkaryl groups
include, for example, p-methylphenyl, 2,4-dimethylphenyl,
p-cyclohexylphenyl, 2,7-dimethyinaphthyl, “7-cyclooctyl-
naphthyl, 3-ethyl-cyclopenta-1,4-diene, and the like.

The term “cyclic” refers to alicyclic or aromatic substitu-
ents that may or may not be substituted and/or heteroatom
containing, and that may be monocyclic, bicyclic, or poly-
cyclic.

The terms “halo” and “halogen” are used in the conven-
tional sense to refer to a chloro, bromo, and fluoro or 10do
substituent.

The term “heteroatom-containing™ as 1 a “heteroatom-
containing alkyl group” (also termed a “heteroalkyl” group)
or a “heteroatom-containing aryl group” (also termed a
“heteroaryl” group) refers to a molecule, linkage or sub-
stituent 1n which one or more carbon atoms are replaced with
an atom other than carbon, e.g., nitrogen, oxygen, sulfur,
phosphorus or silicon, typically nitrogen, oxygen or suliur.
Similarly, the term “heteroalkyl” refers to an alkyl substitu-
ent that 1s heteroatom-containing, the term “heterocyclic”
refers to a cyclic substituent that 1s heteroatom-containing,
the terms “heteroaryl” and heteroaromatic” respectively
refer to “aryl” and “aromatic” substituents that are heteroa-
tom-containing, and the like. Examples of heteroalkyl
groups include alkoxyaryl, alkylsulfanyl-substituted alkyl,
N-alkylated amino alkyl, and the like. Examples of het-
croaryl substituents include pyrrolyl, pyrrolidinyl, pyridinyl,
quinolinyl, indolyl, pyrimidinyl, imidazolyl, 1,2,4-triazolyl,
tetrazolyl, etc., and examples of heteroatom-containing ali-
cyclic groups are pyrrolidino, morpholino, piperazino, pip-
eridino, etc.

The term “hydrocarbyl” refers to univalent hydrocarbyl
radicals containing 1 to about 30 carbon atoms, or 1 to about
24 carbon atoms, or 1 to about 18 carbon atoms, or about 1
to 12 carbon atoms, including linear, branched, cyclic,
saturated, and unsaturated species, such as alkyl groups,
alkenyl groups, aryl groups, and the like. *“Substituted
hydrocarbyl” refers to hydrocarbyl substituted with one or
more substituent groups, and the term “heteroatom-contain-
ing hydrocarbyl” refers to hydrocarbyl 1n which at least one
carbon atom 1s replaced with a heteroatom. Unless otherwise
indicated, the term “hydrocarbyl” 1s to be interpreted as
including substituted and/or heteroatom-contaiming hydro-
carbyl moaieties.

By “substituted” as in “substituted alkyl,” “substituted
aryl,” and the like, as alluded to 1n some of the aforemen-
tioned defimitions, 1s meant that 1n the alkyl, aryl, or other
moiety, at least one hydrogen atom bound to a carbon (or
other) atom 1s replaced with one or more non-hydrogen
substituents.

In addition, the aforementioned functional groups may, 11
a particular group permits, be further substituted with one or
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more additional functional groups or with one or more
hydrocarbyl moieties such as those specifically enumerated
above. Analogously, the above-mentioned hydrocarbyl moi-
cties may be further substituted with one or more functional
groups or additional hydrocarbyl moieties such as those
specifically enumerated.

When the term “‘substituted” appears prior to a list of
possible substituted groups, 1t 1s intended that the term apply
to every member of that group. For example, the phrase
“substituted alkyl, alkenyl, and aryl” 1s to be interpreted as
“substituted alkyl, substituted alkenyl, and substituted aryl.”
Analogously, when the term ‘“heteroatom-containing’”
appears prior to a list of possible heteroatom-containing
groups, 1t 1s mtended that the term apply to every member
of that group. For example, the phrase “heteroatom-contain-

ing alkyl, alkenyl, and aryl” 1s to be interpreted as “heteroa-
tom-containing alkyl, heteroatom-contaiming alkenyl, and
heteroatom-containing aryl.”

All other chemistry terms are defined as known 1n the art.

The reterence to Compound 6A (1.e., Compound 6a)
herein 1s 1dentified as compound 6n 1n the provisional and
the publication (Structure Based Design, Synthesis, Phar-
macophore Modeling, Virtual Screening, and Molecular
Docking Studies for Identification of Novel Cyclophilin D
Inhibitors; Koteswara Rao Valasani, 7 Jhansi Rani Vanga-
varagu, 7 Victor W. Day, I and Shirley ShiDu Yan*, I.
Chem. Inf. Model. 2014, 54, 902-912)), Compound 6B (i.e.,
Compound 6b) herein 1s identified as compound 60 1n the
provisional and publication, and Compound 6C (i.e., Com-
pound 6¢) herein 1s i1dentified as compound 6p 1n the
provisional and publication, and Compound C-9 the same as
Compound 9 1n the provisional and herein and used inter-
changeably.

One skilled 1n the art will appreciate that, for this and
other processes and methods disclosed herein, the functions
performed 1n the processes and methods may be mmple-
mented in differing order. Furthermore, the outlined steps
and operations are only provided as examples, and some of
the steps and operations may be optional, combined into
tewer steps and operations, or expanded 1nto additional steps
and operations without detracting from the essence of the
disclosed embodiments.

The present disclosure 1s not to be limited in terms of the
particular embodiments described in this application, which
are mntended as 1llustrations of various aspects. Many modi-
fications and variations can be made without departing from
its spirit and scope, as will be apparent to those skilled 1n the
art. Functionally equivalent methods and apparatuses within
the scope of the disclosure, in addition to those enumerated
herein, will be apparent to those skilled in the art from the
foregoing descriptions. Such modifications and variations
are mtended to fall within the scope of the appended claims.
The present disclosure 1s to be limited only by the terms of
the appended claims, along with the full scope of equivalents
to which such claims are entitled. It 1s to be understood that
this disclosure 1s not limited to particular methods, reagents,
compounds compositions or biological systems, which can,
of course, vary. It 1s also to be understood that the termi-
nology used herein 1s for the purpose of describing particular
embodiments only, and 1s not itended to be limiting.

With respect to the use of substantially any plural and/or
singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the
singular to the plural as 1s appropriate to the context and/or
application. The various singular/plural permutations may
be expressly set forth herein for sake of clarity.
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It will be understood by those within the art that, in
general, terms used herein, and especially 1n the appended
claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should
be interpreted as “including but not limited to,” the term
“having” should be interpreted as “having at least,” the term
“includes™ should be interpreted as “includes but i1s not
limited to,” etc.). It will be further understood by those
within the art that 11 a specific number of an introduced claim
recitation 1s intended, such an intent will be explicitly recited
in the claim, and in the absence of such recitation no such
intent 1s present. For example, as an aid to understanding,
the following appended claims may contain usage of the
introductory phrases “at least one” and “one or more” to
introduce claim recitations. However, the use ol such
phrases should not be construed to imply that the introduc-
tion of a claim recitation by the indefinite articles “a” or “an”
limits any particular claim containing such itroduced claim
recitation to embodiments containing only one such recita-
tion, even when the same claim includes the introductory
phrases “one or more” or “at least one” and indefinite
articles such as “a” or “an” (e.g., “a” and/or “an” should be
interpreted to mean “‘at least one” or “one or more™); the
same holds true for the use of definite articles used to
introduce claim recitations. In addition, even i1f a specific
number of an infroduced claim recitation 1s explicitly
recited, those skilled in the art will recognize that such
recitation should be interpreted to mean at least the recited
number (e.g., the bare recitation of “two recitations,” with-
out other modifiers, means at least two recitations, or two or
more recitations). Furthermore, in those instances where a
convention analogous to “at least one of A, B, and C, etc.”
1s used, 1 general such a construction 1s intended in the
sense one having skill in the art would understand the
convention (e.g., “a system having at least one of A, B, and
C” would include but not be limited to systems that have A
alone, B alone, C alone, A and B together, A and C together,
B and C together, and/or A, B, and C together, etc.). In those
instances where a convention analogous to “at least one of
A, B, or C, etc.” 1s used, in general such a construction 1s
intended 1n the sense one having skill mm the art would
understand the convention (e.g., “a system having at least
one of A, B, or C” would include but not be limited to
systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B,
and C together, etc.). It will be further understood by those
within the art that virtually any disjunctive word and/or
phrase presenting two or more alternative terms, whether in
the description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms,
either of the terms, or both terms. For example, the phrase
“A or B” will be understood to include the possibilities of
“A” or “B” or “A and B.” In addition, where features or
aspects of the disclosure are described in terms of Markush
groups, those skilled in the art will recognize that the
disclosure 1s also thereby described in terms of any indi-
vidual member or subgroup of members of the Markush
group.

As will be understood by one skilled 1n the art, for any and
all purposes, such as 1n terms of providing a written descrip-
tion, all ranges disclosed herein also encompass any and all
possible subranges and combinations of subranges thereof.
Any listed range can be easily recognized as sufliciently
describing and enabling the same range being broken down
into at least equal halves, thirds, quarters, fifths, tenths, etc.
As a non-limiting example, each range discussed herein can
be readily broken down into a lower third, middle third and
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upper third, etc. As will also be understood by one skilled in
the art all language such as “up to,” “at least,” and the like
include the number recited and refer to ranges which can be
subsequently broken down into subranges as discussed
above. Finally, as will be understood by one skilled in the
art, a range includes each individual member. Thus, for
example, a group having 1-3 cells refers to groups having 1,
2, or 3 cells. Similarly, a group having 1-5 cells refers to
groups having 1, 2, 3, 4, or 5 cells, and so forth.

From the foregoing, 1t will be appreciated that various
embodiments of the present disclosure have been described
herein for purposes of illustration, and that various modifi-
cations may be made without departing from the scope and

spirit ol the present disclosure. Accordingly, the various
embodiments disclosed herein are not intended to be limit-

ing, with the true scope and spirit being indicated by the
tollowing claims.

All references recited herein are incorporated herein by
specific reference in their entirety.

The 1invention claimed 1s:

1. A compound of a structure of Formula 1A, salt thereot,
or stereoisomer thereot, or tautomer, polymorph, solvate, or
combination thereof:

Formula 1A

O

1.
...--""""'"R:

S
\
O

#,,...-""
S
L7,

R3

wherein R', R?, and/or R? are independently any substitu-
ent; and

X 1s S or O.

2. The compound of claim 1, wherein R*, R*, and/or R’
are mndependently hydrogen, alkyl, alkenyl, alkynyl, aryl,
alkaryl, aralkyl, halo, hydroxyl, sulthydryl, alkoxy, alkeny-
loxy, alkynyloxy, aryloxy, acyl, alkylcarbonyl, arylcarbonyl,
acyloxy, alkoxycarbonyl, aryloxycarbonyl, halocarbonyl,
alkylcarbonato, arylcarbonato, carboxy, carboxylato, car-
bamoyl, mono-(alkyl)-substituted carbamoyl, di-(alkyl)-
substituted carbamoyl, mono-substituted aryl carbamoyl,

thiocarbamoyl, carbamido, cyano, 1socyano, cyanato, 1s0-
cyanato, 1sothiocyanato, azido, formyl, thioformyl, amino,
mono- and di-(alkyl)-substituted amino, mono- and di-
(aryl)-substituted amino, alkylamido arylamido, imino,
alkylimino, arylimino, nitro, nitroso, sulfo, sulfonato, alkyl-
sulfanyl, arylsulfanyl, alkylsulfinyl, arylsulfinyl, alkyl sul-
tonyl, aryl sulfonyl, phosphono, phosphonato, phosphinato,
phospho, phosphino, any with or without hetero atoms
substituting one or more carbons in a chain or ring or added
to a chain or ring, and combinations thereof.

3. The compound of claim 1, wherein the compound has
R' is an amino.

4. The compound of claim 3, wherein the compound has
the structure of Compound 9:
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Compound 9

O ! \BS\\__...NHE.
) ;

5. The compound of claim 3, wherein the compound has
the structure of Compound 9A:

Compound 9A

\ O
O . 7 \\S_,..—NHZ.
\
4 \NI& N ¢
N/

6. The compound of claim 1, wherein the compound has
the structure of Compound 9B:

\ i

7. The compound of claim 1, wherein the compound has
the structure of Compound 9C:

Compound 9B

0O
\ __OH.

S
\
O

Compound 9C

Z S \35""0\
N | \ +
N / O

8. A pharmaceutical composition comprising;:

a compound of claim 1; and

a pharmaceutically acceptable carrier.

9. A method of ihibiting Cyclophilin D, comprising:

providing a compound of claim 1; and

administering the compound to Cyclophilin D.

10. A method of rescuing Af-mediated mitochondrial
dysfunction, comprising;:

providing a compound of claim 1; and

administering the compound to Cyclophilin D.

11. The compound of claim 1, wherein R~ is an alkyl.

7,
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12. The compound of claim 1, wherein R is an alkyl.

13. The compound of claim 1, with R' being a straight or
branched alkyl or aryl substituted or unsubstituted, alkoxy,
amino or hydroxyl, R” being a straight or branched alkyl or
aryl substituted or unsubstituted, and R> being a straight or
branched alkyl or aryl substituted or unsubstituted.

14. The compound of claim 1, wherein R’ is an amino, R?
is a straight or branched alkyl, and R” is a methyl.

15. The compound of claim 1, with R* being a methyl,
cthyl, or propyl.
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